Necrotizing fasciitis (NF) is a relatively rare soft-tissue infection that is characterized by rapidly widespread necrosis of the fascia and subcutaneous tissue. We discuss the successful saving of an 80-year-old woman with necrotizing fasciitis of the abdominal wall caused by invasive group D Enterococcus feacalis, secondary to postoperative drainage inserted during right hemicolectomy for colon cancer.
INTRODUCTION
Necrotizing fasciitis (NF), is defined as a relatively rare softtissue infection which causes widespread necrosis of fascia and subcutaneous tissue while sparing muscle and skin 1 .
The trunk (37,1%), groin, perineum and extremities are the most frequently involved sites. The eyelids, scalp, face and neck are only rarely involved 1 . Late diagnosis and an impaired immune response, such as seen in diabetes mellitus, help account for the high mortality and morbidity associated with this entity 2 .
This entity of the abdominal regions may arise from infections coming from urogenital disease, colorectal pathology or infected wounds. In some occasions, the agent gains entry trough intact skin and in many cases the source is unknown 3 .
Known iatrogenic causes of NF that have been published in the medical literature are traumatic urinary catheterization 4 , 5 , 6 , prostatic massage 5 , prostatic biopsy 5 , percutaneous cardiac revascularization 7 , transthoracic percutaneous biopsy 8 , liposuction 9 , intramuscular injection of NSAIDS 10 , laparoscopic colonic surgery 11 , artery cannulation 12 , and along the surgical sutures or at the drain site in the abdominal wall after operation in the abdomen 13 , as in our case.
To our knowledge, this is the first case of NF associated with postoperative intraabdominal drainage after colon surgery.
This article reviews the epidemiology, aetiology, pathogenesis, clinical diagnosis, radiological examinations, laboratory tests and management principles of this entity.
CASE REPORT
An 80-year-old woman was admitted to our hospital one month before surgery because of significant anemia; she had a previous history of chronic liver disease secondary to virus hepatitis B, hypopituitarism requiring steroid replacement, allergy to betalactamics, mitral regurgitation and paroxystic atrial fibrillation.
She was diagnosed with anaemia secondary to digestive haemorrhage due to colon neoplasia and intestinal angiodysplasia and required several blood transfusions.
After antibiotic prophylaxis with Gentamicin and
Metronidazole, an open right hemicolectomy was uneventfully performed and a drain (Jackson -Pratt, Fortune Medical Instrument Corp.) was left in place in proximity to the surgical area to rule out an anastomosis leak, inadequate hemostasis or injury to adjacent organs. Histological study of the surgical specimen was compatible with a Dukes B stage or B2 Astler and Staller stage colon cancer.
During the first 5 days, the postoperative course was uneventfull. Six days after surgery, the patient had to be admitted to the Intensive Care Unit (ICU), because she developed abnormal vital signs with tachypnea, tachycardia, chills, and general malaise. On admission to the unit, she looked pale, was confused and in mild distress. Blood pressure was 95/40 mmHg, pulse was weak at a rate of 122 beats/min, respiratory rate was 28 breaths/min, axillary temperature was 38ºC, and pulse oximetry was 98% with supplemental oxygen at 3 l/min per nasal cannula. Auscultation of the lung revealed reduction in breath sounds; the heart was arrhythmic and hyperdynamic without murmurs. The abdomen was slightly distended with decreased bowel sounds. An erythematous, warm, painful and swollen area could be observed around the abdominal drainage (Fig. 1) . No crepitation was palpable across the compromised area. There was no guarding or rebound and both the pelvic and rectal exams were normal. Bilateral lower extremity oedema was also present. Diagnosis of abdominal wall cellulitis was made at the time of admission to the Intensive Care Unit and the patient was started on intravenous (IV) fluids, broad spectrum antibiotics including imipenem/cilastina (3x3g daily dose) and linezolid (2x600 mg daily dose); non-invasive ventilation was also used intermittently and vasopressors were initiated. Two days after admission to the Intensive Care Unit, the cellulitis with necrosis had extended rapidly and affected the whole right abdominal wall. It had a circumferential area of ecchymosis and necrosis with macerated margins, and involved deeper structures of subcutaneous fat. A serosanguineous fluid drained out of the surgical wound. Incisions were made in the abdominal wall and a discharge of purulent material was obtained.The extensive necrotic tissue was debrided along the fascial planes (Fig. 3) . Cultures of the wound taken at this time revealed an infection with group D Enterococcus faecalis in quantities >10 6 CFU/g of tissue, sensitive to ciprofloxacin, imipenem, linezolid, teicoplanin and vancomycin. Echerichia coli sensitive to aztreonam, cefepime, gentamicin, tobramycin and imipenem also grew in the infected wounds. Three days after admission the patient developed septic shock with respiratory failure requiring intubation and mechanical ventilation support; necrotizing fasciitis was presumed and intravenous teicoplanin, meropenem and gentamicin were started; the management at this point also included dobutamine, paracetamol, metamizol, omeprazol, and enoxaparin. Hyperbaric oxygen therapy was not an option at our institution.
The histopathological examinations of surgically obtained biopsy specimens revealed suppurative fasciitis, widespread myonecrosis, and thromboses of the vessels, all of which were compatible with a diagnosis of necrotizing fasciitis.
During her stay at the Intensive Care Unit, the patient required extensive daily debridements. Afterwards the wounds were allowed to heal by secondary intention (Figures 4,5) . The following microorganisms were isolated during her stay at the Intensive Care Unit:
Enterococcus faecalis in urine samples; sensitive to ampicilin, ciprofloxacin, linezolid, vancomycin, linezolid, imipenem.
Coagulase negative Staphylococus in central catheter tip cultures sensitive to linezolid and vancomycin.
Klebsiella pneumoniae in blood culture sensitive to amoxacillin/CA, aztreonam, gentamicin, imipenem.
Enterobacter cloacae in pharyngeal exudate sensitive to amikacin, aztreonam, ciprofloxacin, imipenem and piperacillin/tazobactam.
The patient required 20 days of mechanical ventilation support; tracheotomy was performed to facilitate weaning. During her stay at the ICU she also required hemodynamic support (dopamine, norepinephrine, dobutamine), treatment with diuretics, parenteral and enteral nutrition and blood transfusion.
The patient was discharged from the Intensive Care Unit 40 days after admission. She was discharged home 24 days later. 
DISCUSSION
In 1871, Joseph Jones 14 was the first to describe necrotizing fasciitis (NF) when he referenced more than 2600 cases during the civil war. This lesion has also been called "hospital gangrene", "necrotizing erysipelas", "streptococcal gangrene", and "suppurative fasciitis". In 1952 the term NF was first used by Wilson 15 ; this term is the most accurate to describe the disease.
The first clinical case of NF was described by Meleney in 1924; since then and despite the advent of sophisticated antibiotics and imaging modalities, the mortality rate of this serious infection has remained unchanged at approximately between 50-80% 2 . The most important factor determining prognosis is early diagnosis and surgical debridement, with little reliance on medical therapy. NF is a rare soft-tissue infection that affects people of a wide range of ages. The males are affected more than the females (53,2%). It is rapidly progressing, affects the cutaneous microcirculation, subcutaneous fascia and dermis, and characteristically spares the underlying muscle 16 , 17 .
Necrotizing soft tissue infections can be divided into necrotizing cellulitis, necrotizing fasciitis and myonecrosis; these infections can be nonclostridial or clostridial 13 .
NF is mostly found in immunocompromised patients such as patients with diabetes mellitus, cancer, alcoholism, chronic liver disease, vascular insufficiency, organtransplantation,human immunodeficiency virus, malnutrition, and neutropenia and other immunocompromised patients 18 . In the case we describe, predisposing factors were the long hospital stay before surgery, chronic anaemia, multiple transfusions of blood, an immuno-compromised status, old age, chronic liver disease, colon neoplasia and taking nonsteroidal anti-inflammatory drugs.
The pathogenesis of necrotizing fasciitis is still not completely understood. Beginning at the original site, the infection spreads; initially subcutaneous fat and fascia are affected with little evidence of infection at the skin surface. Afterwards, nutrient vessels that perfuse the skin become thrombosed, causing isquemia, hypoxia and vascular cutaneous and subcutaneous necrosis. Drop in soft-tissue oxygen pressure allows the proliferation of anaerobe microorganisms. The localized necrosis of skin secondary to thrombosis of nutrient vessels as they pass through the zone of involved fascia can progress to frank cutaneous gangrene if the fasciitis is left untreated 16 , 19 .
The onset of symptoms is usually several days after the initial insult. The patient may present marked leukocytosis, hemoconcentration and fulminant shock. The affected skin becomes warm, erythematous and edematous, so that the infection may be mistaken for cellulitis or erysipelas but patients fail to respond clinically despite 24 to 48 hours of appropriate antibiotics. The tense and shiny skin has no sharp demarcation and may develop a dusky decoloration with poorly defined borders. A central zone of necrosis may develop and it can eventually ulcerate. Anesthesia of the skin is caused from involvement of the cutaneous nerves as they pass through necrotic subcutaneous tissue. Soft tissue crepitance is common from gas formation. Intra-abdominal disease such as perforated colon or appendix should always be considered as the source of abdominal wall NF 20 .
These patients often have a low-grade fever and can be anemic and jaundiced from bacterial hemolysis. Massive amounts of fluid can be sequestered with resultant hyponatremia, hypoproteinemia, and deshydration. Hypocalcemia can develop from necrosis of subcutaneous fat and subsequent saponification. Important complications of NF are acute renal insufficiency with a frequency of 31.6% and mortality of 50%, acute respiratory distress syndrome (ARDS) with a frequency of 29% and mortality of 59% and multiorgan failure (MOF) with a frequency of 21% and mortality of 77.5% 21 .
The causative organism or organisms in necrotizing fasciitis vary with the site and cause of infection. It is important to identify it and to test for antimicrobial susceptibility to correctly choose antibiotic treatment.
Monomicrobial infections account for 18.6% and polymicrobial for more than 80% of cases of NF 22 ; most commonly involved microorganisms are bacteria of the gastrointestinal tract and perineum area like group A and B Streptococcus pyogenes 23 , 24 , group D Enterococcus, Echerichia coli 1 , Proteus spp 1 , anaerobic bacteria (Clostridium perfringens) 25 , Pseudomonas aeruginosa 26 , Klebsiella 27 , Salmonella group C 28 or Staphylococcus aureus 29 .
A prolonged hospital stay before surgery or preoperative antibiotic treatment has been associated with the emergence of multidrug-resistant microorganisms such as Pseudomonas aeruginosa, Enterobacter spp, and Proteus spp, Methicillinresistant Staphylococcus aureus and Candida spp 30 .
The nature of the disease is exemplified by the patient in our case report. The onset of symptoms was several days after the surgery. The beginning of the disease was misleading due to the sequence in which tissues were affected by bacteria during necrotizing fasciitis. On admission at the ICU, although she had extensive subcutaneous damage, her skin was only mildly erythematous. During the first two days at the ICU, the correct diagnosis was not made due to the fact that the clinical presentation was masked by cellulitis of the abdominal wall.
The clinical symptoms and signs of sepsis and the lack of response to antibiotics were important for differential diagnosis.
In this case, the infection was probably initiated at the point of insertion of the surgical drainage, as the wound culture at the insertion site was initially positive for invasive group D Enteroccocus cloacae. The infection possibly was secondary to drainage contamination during colon surgery. Later, wound cultures were positive for E. coli and Pseudomonas aeruginosa.
In elderly patients, as our patient, the symptpms usually are not specific; therefore, the diagnosis in these patients is more difficult.
Although the diagnosis of NF is often made clinically, emergency computed tomography (CT) can lead to early diagnosis with accurate assessment of disease, help evaluate the structures that can become involved. CT is invaluable for detecting deep complications of cellulitis and pinpointing the anatomic compartment that is involved by an infection. CT provides a higher specificity for the diagnosis of NF that the conventional radiology and ultrasonography. CT helps guide therapy toward emergency surgical debridement in cases of necrotizing fasciitis and toward percutaneous drainage in cases of abscess formation 31 , 32 .
Magnetic resonance imaging (MRI), can be useful for differentiating necrotizing fasciitis from non-necrotizing soft-tissue infection and for planning the treatment of necrotizing fasciitis 33 . In patients with NF, it is also important to begin and maintain resuscitation and supportive therapy with fluids. Other adjunctive wound therapies such as hyperbaric oxygen therapy have been proposed for improving the outcome. The proposed mechanisms of this therapy are the bactericidal effect on anaerobes and improved tissue oxygenation 39 .
In our patient, repeated debridements were carried out, and these may have been the keys to success in avoiding widespread infection. Aggressive management including resuscitation with fluids and pressors (Norepinephrine, Dopamine and Dobutamine), immediate surgical evaluation, and intravenous antibiotics was also performed. Other important adjuncts in the treatment of our patient were noninvasive and invasive ventilation, enteral and parenteral nutrition and broad-spectrum antibiotics. Hyperbaric oxygen therapy was not possible at our institution.
Probably, the main responsible factor of the elevated mortality in elderly patients is the delay in diagnosis and treatment; because in these patients the clinical manifestations are usually atypical, therefore NF is not suspected 40 .
This report serves to alert surgeons and their team of the importance of the careful management of the instruments and of the systems of surgical drainage, mainly in gastrointestinal surgery; because an inappropriate management may result in extensive tissue destruction and require extensive surgery.
In conclusion, NF is a potential complication of inserting a postoperative drainage after abdominal surgery. Because of the poor prognosis and the high mortality, aggressive surgical debridement and appropriate antibiotics are the cornerstones of effective therapy. 
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